The present study was undertaken to evaluate the sufficiency of energy and nutrient consumption, and food diversity through consumption of different food groups among female residential students of a public university of Bangladesh. This cross-sectional study was conducted among 180 female residential students, aged 18-26 years, of three female dormitories of a Bangladeshi public university. Dietary information was collected for three consecutive days (two weekdays and one weekend) using a structured Multiple-Pass 24-h recall questionnaire. About 40% of the participants were between 21-23 years of age and most (70%) of them were in normal nutritional status (BMI 18.5-24.9 kg/m 2 ). The mean Dietary Diversity Score (DDS) was 4.84 ± 1.02. Starchy staples were the main food group consumed (about 299.31 g/d) by the respondents. The median energy intake of the respondents was 1407 kcal/d and no respondent could meet the reference intake of 2100 kcal/d. It was also observed that none of the respondents fulfilled the standard reference intake for Folate, Vitamin B12 and Calcium. The average Mean Adequacy Ratio (MAR) of the respondents was 0.58 and had a positive association with DDS (r=0.38; P<0.001). Nutrient Adequacy Ratio (NAR) of calorie and other nutrients also had a significant positive association with DDS of the respondents except for fat. The present study findings exhibit that DDS can provide quite a good estimate of the nutrient adequacy of the diet of female residential students of Bangladesh. However, educating the students about the nutritious foods can enable them to make a wiser choice from available foods.
Introduction
The student's community at any campus forms a model average of the adult population as they are drawn from various regions of a country belonging to quite diverse geographical and socio-economic background. The majority of students experience significant transitions and challenges as they enter into a new life stage during their academic period in universities. Residing in university dormitory makes a student's life independent from their families and friends back home, but lacking in support from them creates bodily and psychological stresses related to their new life adaptation. This can reshape their social and environmental situation affecting their ability to embrace healthy behaviors 1 and may lead to undesirable changes in their eating pattern and dietary intake, altering their nutritional status and thus, overall health and well-being. 2 Female residential students usually consume food supplied either by the dormitory cafeteria or by their self -cooking or by both. Many studies have reported that diet quality may change in this period resulting into the recommended dietary guidelines not being fulfilled. 1 But owing to their prominent reproductive and productive roles in the society, they demand special nutritional needs. Yet, due to a lack of nutritional knowledge and awareness, some young female's dietary patterns include the avoidance of micronutrient-rich animal foods (i.e. meat, fish, and poultry etc.), and more consumption of plant food-based diets comprising cereal grains mainly starchy staples, pulses and legumes, seeds and vegetables. 3 This kind of poor dietary practices may lead to a negative impact on their nutritional status predisposing them to certain specific health problems including micronutrient malnutrition such as vitamin A deficiency, iron deficiency anemia, osteoporosis etc. 4, 5 Also, eating behavior of this type can affect long-term health resulting into future poor maternal health and pregnancy outcome. So, the adequacy of the diet is very crucial which can fulfill their dietary requirements properly, as recommended and advocated by the health professionals.
There lies a paucity of data on food and nutrient intake pattern and nutrient adequacy of the female residential students of Bangladesh. Hence, the present research examined a number of students from three female residences of a public university of Bangladesh to observe the consumption of different food groups along with their macro-and micronutrients intake, and to investigate whether their nutritional requirement is fulfilled or not. Findings of this study could be critical to formulating the appropriate intervention programs to educate the female residential students about the health benefits of a nutritious and balanced diet.
Materials and Methods Study Design and subjects
This cross-sectional study was carried out enrolling 180 female students between 18-26 years of age staying in three female dormitories of a public university in Bangladesh with the availability of cooking facilities. Information was collected during January to March 2016 drawing an equal number of subjects from each dormitory (60 subjects in each) by simple random sampling using lists of names provided by each dormitory office. The study was conducted after proper ethical approval by the Ethical Review Committee, Faculty of Biological Science of that university. Respondents were well-informed about the study prior to collecting data, and a written consent was taken from each respondent. Both structured and semi-structured questionnaires were used in the process of data collection.
Dietary Assessment
Dietary history was recorded for three consecutive days (two weekdays and one weekend) using a structured Multiple-Pass 24-h recall questionnaire, validated previously, 6 based on food obtained from hall cafeteria or self-cooking. The three days' dietary data were averaged to calculate the mean 24-h dietary intake for each respondent. The usual intake of energy, macronutrients, and micronutrients was calculated using the data of the mean 24 -h dietary intake and "Food Composition Dietary Diversity Score For every respondent, an individual DDS being assessed adopting the food groups from the Food and Agriculture Organization (FAO) guidelines. 8 DDS was constructed applying 9 food group indicators comprised starchy staples (i.e. wheat, potato, rice etc.), pulses and legumes, nuts and seeds, eggs, milk and dairy products, organ meats, flesh foods (meat and fish), dark green leafy vegetables, other vitamin A-rich fruits and vegetables, and other fruits and vegetables. The potential score range was 0 to 9. The highest score a respondent could acquire on each day was therefore 9, with a score of 1 being attributed to any one food group consumed.
Respondents were questioned about their past 24 -h food consumption that whether they had consumed each of the listed food groups or not. DDS was computed by adding each day consumption of the number of food groups and averaging the three days.
Nutrient Adequacy Ratio
The 24-h dietary recall information was utilized to calculated the nutrient adequacy ratio (NAR) for 13 nutrients. The NAR for a particular nutrient was obtained by dividing the respondent's intake to the reference intake of that nutrient for the respondent's age. 9, 10 The mean adequacy ratio (MAR) was determined as an aggregate value of the nutrient adequacy. NAR was abbreviated at one in order that a nutrient with a lower NAR could not be recompensed by a nutrient with a higher NAR.
MAR = (ΣNAR (each truncated at 1) / (Number of nutrients)
The age and sex-specific reference values were used to estimate the recommended intake of nutrients.
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Anthropometry Anthropometric measurements were taken following standardized procedures recommended by WHO.
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Hanson HX6000 electronic scale was used to measure weight and locally produced portable wooden stick furnished with height gauges (SECA 206 Bodymeter) was used to measure height. Weight measurement was taken to the closest 100 g and height to the closest 1 mm. 
Data Analysis
All analyses were conducted using SPSS/PC (version 25.0) statistical package, 17 with statistical significance accepted at P<0.05 for all tests. Mean and standard deviation (SD) were employed for normally distributed continuous data, median and interquartile range (IQR) for non-normal data, and frequency distributions for categorical data. The association between MAR and DDS was measured applying Spearman's rho correlation. Table 1 displays the socio-demographic characteristics of the respondents. About 40 % of the respondents were between 21 -23 years of age while 32 % were ≤ 20 years and 28 % were greater than 23 years of age. Most (70 %) of the respondents were between normal nutritional status (BMI 18.5-24.9 kg/m 2 ) while about 24 % were found underweight (BMI < 18.5 kg / m 2 ) and about 9 % being overweight and obese (BMI ≥ 25.0 kg/m 2 ). About 98.89% of the respondents were non-smokers. The mean DDS was found 4.84 ± 1.02.
Results

Respondent Characteristics
Dietary Diversity
The respondents' consumption of different food groups varied between 3 to 7 food groups per day. About 10% of the respondents had consumed the least number of food groups (DDS 3) over the reference time while food groups count was the highest (DDS 7) in about 4 % of the respondents (Figure 1 ). 
Energy and Nutrient Intake and Nutrient Adequacy
The median energy intake of the respondents was 1406.92 kcal / d and no respondents met the reference intake value of 2100 kcal / d. 14 The respondents' median protein intake was 38.58 g / d and only 3.33% attained the required protein intake (55 g/d). Almost all respondents (97.78 %) met their reference requirement for fat intake (25 g/d) with a median intake of 38.05 g / d (Table 3 ).
According to FAO/WHO guideline, 18 55-75 %, 10-15%, and 15-30% energy should come from carbohydrate, protein and fat respectively. When the contribution of energy is calculated from carbohydrate, protein, and fat as a percentage of total calorie, the ratio of carbohydrates: protein: fat was found to be 66:11:23 (percentages) of total intake. So, the contribution of energy from dietary macronutrients of the respondents was near to satisfactory. Table 3 also shows the daily intake of vitamin and minerals of the respondents and dietary NAR. All the respondents had a nearly sufficient intake of vitamin C with a NAR close to 1 and about 36 % respondents could meet their required amount based on the Recommended Nutrient Intake (RNI). Based on the reference intake values for important nutrient i.e. minerals and vitamins, calcium, iron, zinc, and vitamin A consumption were fulfilled by 0, 0.56, 1.67 and 3.33 % of the respondents. Among the nutrients, the median NAR was the lowest for calcium (only 0.16) followed by folate and vitamin A (NAR 0.27 and 0.31, respectively).
In total, the mean MAR was found 0.58 ± 0.09 (Table  4) . A standard cut-off value of 1 for nutrient adequacy indicates the incorporation of all nutrients. In the present study, no respondents could achieve that value. Sixty-two percent of the respondents were reported to have a MAR higher than or equal to 0.55; 42% had a MAR value of ≥ 0.60, and a MAR value of greater than or equal to 0.70 was found in only 11% of the respondents. Table 5 represents the association between DDS and the nutrient sufficiency indicated as NAR for various nutrients. All correlations were found significant (P < 0.05) except for fat, especially for calcium, iron, thiamin, riboflavin, folate, and vitamin A (P < 0.001).
Association between Nutrient Adequacy and Dietary Diversity
MAR, as an aggregate value for the nutritional sufficiency of the diet, was strongly associated with DDS having a correlation coefficient (r) value of 0.38 (P < 0.001).
Discussion
Balanced diets and nutrients adequacy are currently getting much attention. This study reports food consumption habits of female students living university dormitories. Being better educated, university students typically constitute a standard This national protein intake is much higher than the present study found (only 38.58 g/d protein). This lower intake of protein might be due to the fact that they consume less protein rich food (i.e. meat, fish, poultry, milk and dairy products) than they should consume because they might not aware of protein quality of foods.
1 Also, the average intake of calcium, zinc, iron, vitamin A, thiamin, riboflavin, niacin, folate, vitamin B 12 , and vitamin C have also found lower than national data. 6 This reason behind less intake of micronutrient rich food might be that they consumed micronutrient rich food but in lesser proportion as a result of lack of awareness on micronutrient rich foods or the benefits of micronutrients in human health. 20 The present study illustrates that dietary diversity has a positive association with MAR in female residential students. Our study findings corroborate the results of other studies from different countries. 11, 21, 22 Thus, the use of dietary diversity as a measure to conjecture dietary quality is very practical in this population. Being a simple and easy method, DDS is supposed to be utilized in future research to assess the nutritional sufficiency of a diet. The present research along with other studies showed a significant positive association of nutrient adequacy ratio with dietary diversity score. 11, 23, 24 The dietary diversity score of the female dormitory students is reported to be 4.84±1.02 (Table 1) . The result is similar to some other studies conducted among Bangladeshi women. 25, 26 This medium dietary diversity score among female residential students might be due to the fact that the residential students had to consume the foods which they could prepare by themselves or bought from the hall-cafeteria, and in both of the cases, the food choice is limited.
Conclusion
Although the DDS cannot provide a complete scenario of the sufficiency of the nutrient consumption, the findings of the present research illustrate that simple counts of food items can be applied to indicate nutrient sufficiency of the diet of female residential students of Bangladesh as indicated by FAO. However, such indicator is particularly important in identifying the adequacy of trace elements such as iron, zinc, and calcium, and these intakes should be of concern if similar diet selection is to be practiced over a long period. It is because if the diet lacks one or more micronutrients and this dietary habit continues for a longer period, one may become the prey to micronutrient deficiency. This is the case for female residential students as the present study found that their micronutrient intakes were low and many could not meet the requirements for various nutrients. They are at risk of developing micronutrient malnutrition if the current dietary pattern is followed. The present dietary and health status of female residential students could be attributed to their awareness level on the importance and benefit of nutritious and balanced diet in the betterment of the health of women of reproductive age. Hence, one recommendation is to educate the students about the nutritious foods enabling them to make a wiser selection of foods from available.
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